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WHOOPING-COUGH*
(Preliminary Studies)
I. EARLY DIAGNOSIS BY THE COUGH-PLATE METHOD.
CHARLES S. CULOTTA AND DANIEL F. HARVEY
Following the isolation of the pertussis bacillus by Bordet and
Gengou' in 1906, anticipation of methods of control of whooping-
cough was inevitable. This discovery gave impetus to experimental
and clinical investigations on various aspects of the whooping-cough
problem. The isolation of the apparent causative agent, the intro-
duction of new bacteriologic aids in early diagnosis, the transmission
of the disease to monkeys, attempts at specific prophylaxis and
therapy, and, finally, the more recent knowledge on the mutation
of Hemophilus pertussis,-all this extensive research extending
over a period of twenty-six years has contributed valuable informa-
tion concerning the disease. Nevertheless, whooping-cough cannot
be adequately and practically controlled; it still flourishes and con-
tinues to surpass measles as a cause of infant mortality.
The outstanding contribution directed toward the control of
whooping-cough was the introduction of the cough-plate method in
1916 by Chievitz and Meyer2 as a simple and convenient aid in
the early diagnosis of the .disease. It is logical to assume that the
earliest diagnosis possible during the period of greatest contagion
will aid appreciably in preventing the spread of an infectious disease,
yet it is surprising to note the hesitancy of the medical profession and
epidemiologists in general to utilize this valuable aid in the diagnosis
of whooping-cough, in spite of the fact that the method has proved
effective in the hands of various investigators in this country and
abroad. The early diagnosis of scarlet feVer and diphtheria is given
much consideration, but the early diagnosis of pertussis, a disease
which causes more deaths than these two combined, is too often
disregarded. Early diagnosis favors early quarantine, and if the
latter is properly executed the incidence of the disease will drop
proportionately.
The main objection raised against the general use of the cough-
plate is that it involves considerable technical difficulties, namely,
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laboratory equipment, trained bacteriologists, a proper seeding of
the plate, and the three-day incubation period necessary for growth
of the organism. The advantages of the method outweigh these
objections; the procedure is comparatively simple, and in the great
majority of early cases makes possible a diagnosis when clinical
means fail. A procedure that offers possibilities of lowering the
mortality and the considerable number of hours of school lost yearly
because of whooping-cough warrants due consideration.
Although our series of cases is small, the results correspond
fairly well with those of previous observers, and, therefore, we
deem it permissible to present our results with the method and urge
its general adoption.
The culture medium used in this study was essentially the
Danish modification of the original Bordet-Gengou medium as
recommended by Gardner and Leslie3. Early in the work we added
N2 lactic acid to the medium, as suggested by Gardner and Leslie,
but this modification was discontinued when no appreciable differ-
ence in growth of the pertussis organism was noted when the acid
was present. We tried the addition of blood from various species
of animal to different samples of the medium for purposes of
enrichment. Rabbit, horse, and human blood, both defibrinated
and citrated, were used, but no marked difference in growth was
noted on any of these, providing the blood was fresh. Very poor
growth occurred when the blood had hemolyzed. Incubation in
C02, in 02, and in a mixture of both (90% 02, 10% CC2) showed
no acceleration in the growth of the organism. Human citrated
blood (20%) was used in the greater part of this work.
The technic of the use of the cough-plate has been adequately
described, but at the risk of repetition it will be re-stated, for the
importance of proper exposure of the plate cannot be over-empha-
sized. A deep explosive cough on a plate held within four to six
inches of the patient's mouth is essential. A "natural" cough is
stressed by Gardner and Leslie, but unfortunately it is necessary
to elicit a cough in the great majority of cases because of the psychic
influence of the plate suddenly held in front of the child's face.
Pressure on the larynx and trachea, or mere examination of the
throat, usually causes a good explosive cough. The younger the
child the more difficult is the procedure. We have had satisfactory
plates in two cases out of eleven under one year of age, but satis-
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factory seeding is difficult with young infants. Throat cultures are
invariably negative, as is to be expected if we recognize that the
site of the lesion is in the lower respiratory tract. Examination of
the sputum from cases of pertussis is another means of isolating
the organism, but since no sputum is obtainable early in the disease,
and since young children and infants swallow their sputa, this
method is not only time-consuming, but impractical.
H. pertussis usually appears on the exposed plates after incuba-
tion for two days at 370 C., as tiny, pearly gray colonies. After
three days there is no difficulty in identifying the colonies; they
resemble droplets of mercury surrounded by a faint halo of hemo-
lysis. Only in rare instances do colonies appear after the third day.
Occasionally saprophytic organisms outgrow the colonies of H.
pertussis, but this can be prevented by cutting out these areas
immediately. As a rule, the earlier in the catarrhal period the
exposure of the plate is made the more profuse is the growth.
Sometimes the exposed plate shows an almost pure culture of H.
pertussis. The number of colonies becomes much less after the
second week of the disease.
The criteria for identification of the organism are; the general
appearance of the colonies, the morphologic characteristics of the
organism in stained smears, and agglutination of the organism by a
potent pertussis antiserum which agglutinates the organism in a
dilution of from 1: 2000 to 1: 5000. The antiserum was prepared
by the technic recommended by Gardner and Leslie. One or two
colonies are emulsified in salt solution and to this is added the
antiserum, saline being added to one as a control. Macroscopic
agglutination appears promptly. Subculture of the colonies, with
subsequent intraperitoneal injections of a saline suspension of the
organism into mice invariably cause a fatal hemorrhagic peritonitis.
The organism can be readily recovered from the sanguineous peri-
toneal fluid and from the heart blood, providing the animal is
autopsied within a few hours after death. These virulence tests,
however, require time and are not essential in the immediate identi-
fication of the organism.
A total of 242 test (cough-plates) have been done on a series
of 129 cases of whooping-cough from February 1, 1931, to July 1,
1932. The clinical course of these cases was typical of the disease.
There have been 78 positive tests showing growth of H. pertussis
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colonies, and 164 have been negative. The results obtained are
arranged in tabular form according to the week of the illness, and
in comparison with those of previous observers.
TABLE I
SUCCESSFUL ISOLATION OF H. PERTUSSIS BY COUGH-PLATE METHOD IN CASES OF
WHOOPING-COUGH BY VARIOUS AUTHORS
1924 1927 1930 1932 1932
Stage of New Haven
Illness Chievitz- Lawson4- Sauer- Gardner- Hospital and
in weeks Meyer5 Mueller4 Hambrecht6 Leslie8 Dispensary
1 75%o 59%o 98% 75% 82%
2 57go 53 (catarrhal phase) 67%o 56%
3 61%o 33% (65%) 75go 19%o
4 45%o 38go (spasmodic phase) 25go 2%o
5 40%^o 15%o 0 0 0
6 9%o 6%o (phase of decline) 0 0
Total Cases 914 533 200 47 129
Total Tests 107 242
In Table II the results of our tests are arranged according to
the duration of the illness.
TABLE II
Tests
Week of illness
Positive Negative
1 32 7*
2 31 24
3 14 60
4 1 37
5 0 30
6 0 6
The results obtained by us during the first two weeks of the
disease are comparable to those obtained by the authors quoted,
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but after the second week our results are very different from those
of other observers. However, the results clearly show that the
method has invaluable diagnostic merit in the early stages of the
disease when diagnosis is not possible clinically.
No second cases (second attacks of pertussis) were encountered
in this group. A total of over 200 tests done in other catarrhal
states all proved to be negative. We have made comparatively few
tests on older members of an infected household, but we hope to
continue our family studies to the end of collecting data on the
carrier problem, and also to determine whether the virulence of the
organism (by animal inoculation) changes during the various stages
of the disease. To date our study has shown that the virulence and
antigenic property of the organism remains constant throughout its
stay in the host, contrary to its behavior in vitro.
Summary. The use of the conventional cough-plate in a series
of 129 cases of whooping-cough shows a high percentage of posi-
tive cultures when the method is applied early in the course of the
disease. These results warrant the use of the procedure as a diag-
nostic method which should be effective also in controlling the
spread of pertussis. The method should be adopted as a routine
diagnostic procedure.
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